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ABSTRACT 

Deep near-infrared CCD imaging of the field of the recently discovered nearby galaxies Dwingeloo 1 and 
2 has revealed a third, previously unknown galaxy which is most likely a second physical companion of 
Dwingeloo 1. Only 9'.2 to the southwest of Dwingeloo 1 is a diffuse featureless oval with a diameter of l'.9 
in /. Isophotes are oriented nearly east-west and within 30° of the direction of Dwingeloo 1. Neutral 
hydrogen studies have failed to reveal a source at this position, and no Ha emission is evident. Thus, the 
object is probably a dwarf spheroidal companion of Dwingeloo 1, although there is a small possibility that 
it is a quiescent gas-rich dwarf with a velocity low enough that its signal is confused with emission from 
the Milky Way. The galaxy is almost certainly a member of the IC 342-Maffei 1 group, thereby placing it 
3±1 Mpc away. © 1997 American Astronomical Society. [S0004-6256(97)01303-4] 

l. INTRODUCTION 

It has become apparent that there is a nearby collection of 
matter of considerable mass behind the northern Milky Way, 
dominated by the giant elliptical galaxy Maffei 1 and the 
giant spiral IC 342. The recent discoveries of Dwingeloo 1 
(Kraan-Korteweg et al. 1994; Huchtmeier et al. 1995), 
Dwingeloo 2 (Burton et al. 1996), Cas 1 (Huchtmeier et al. 
1995), MB 1 and 2 (McCall & Buta 1995; McCall et al. 
1995), and Cam B (Huchtmeier et al. 1996) have shown that 
many galaxies, even rather substantial ones, have been 
missed as a result of heavy obscuration. Most important, the 
" IC 342-Maffei l " Group may well be the nearest group to 
M31, since it is only 3±1 Mpc from the Milky Way (Buta & 
McCall 1983; McCall 1989; Luppino & Tonry 1993; Kris
mer et al. 1995). As such, it may have played a significant 
role in the dynamical evolution of the Local Group (McCall 
1986, 1987, 1989; Valtonen et al. 1993; Peebles 1994). 
Thus, it is imperative not only to complete the census of 
galaxies in the group, but to accurately measure the proper
ties of known ones to constrain simulations which attempt to 
use the motions of neighboring galaxies to arrive at the age 
of the universe and the local density of dark matter (Val
tonen et al. 1993; Byrd et al. 1994; Peebles 1995). 

The authors have been carrying out a Schmidt survey of 
members of the IC 342-Maffei 1 Group in order to measure 
accurate global photometric properties. Besides revealing the 
true extent of known galaxies, deep exposures in Cousins 1 

1 Visiting Astronomer, Kitt Peak National Observatory, National Optical As
tronomy Observatories, which is operated by the Association of Universities 
for Research in Astronomy, Inc ., under cooperative agreement with the Na
tional Science Foundation. Observations made with the Burrell Schmidt of 
the Warner and Swasey Observatory, Case Western Reserve University. 

are proving to be particularly adept at locating additional 
members previously unseen due to the heavy obscuration. 
The first phase of the survey netted ''Object l '' and ''Object 
2", two likely companions of Maffei 1 [subsequently named 
MB I and MB 2 in IAU Circ. 6159 (McCall et al. 1995)]. 
The second phase of the survey has revealed another hitherto 
unrecognized system in the field of Dwingeloo I (and 2). 
This paper presents the discovery images, measurements of 
the position, orientation, and size, and a discussion of mor
phology. Quantitative photometry will be presented in a 
separate paper. 

2. OBSERVATIONS 

Observations were carried out with the 0.6/0.9 m Burrell 
Schmidt telescope at Kitt Peak National Observatory in Tuc
son, Arizona. All images were acquired with a Tektronix 
2048X2048 CCD camera, of which pixel sizes were 21 ,um 
square. The CCD was fed anf/3.5 beam, so pixels subtended 
2'.'028, and frames covered 69' on the sky. The readout noise 
was only 3 e - pix - 1, so exposures were sky-noise domi
nated. 

Images were acquired in V (KPNO filter 1542, X.c=5436 
A, FWHM=l004 A), Cousins 1 (KPNO filter 1539, 
X.c=8244 A, FWHM= I954 A), Ha (KPNO filter 1563, 
X.c=6573 A, FWHM=67 A), and a continuum band adjacent 
to Ha (KPNO filter 1494, X.c=6658 A, FWHM= 84 A). 
Through each broadband filter, sequences of five or six 
5-min exposures were taken. The shortness of the exposures 
was motivated by the need to minimize the number of satu
rated stars in the very crowded fields under study. Because 
the magnification of the Schmidt changes somewhat with 
position in the field, the telescope pointing was fixed and 
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TABLE I. Measurements. 

Name Classification 0(1950) 8(1950) Major Axis Position Angle Axis Ratio 
(1) (2) (3) (4) (5) (6) (7) 

Dwingeloo 1 SB(s)cd 02 53 01.9 +58 42 38 9.9 111 0.70 
Dwingeloo 2 Im? 02 50 19.1 +58 48 07 2.9 72 0.47 
MB3 dSph 02 51 53.2 +58 39 30 1.9 87 0.43 

Notes to Table 1. 
(1) Name of object . (2) Revised Hubble Type. (3) Right ascension (1950). (4) Declination (1950). (5) 
diameter of major axis at c:,25.0 mag arcseC2 in I, in arc minutes. (6) position angle of major axis 
meas._ured eastward frgm north, in degrees (1950 coordinate system) . (7) axis ratio (minor relative to 
major) of outer visible isophotes in I . 

autoguided throughout a sequence. Due to time limitations, 
only one exposure was possible through each of the narrow
band filters. 

Images centered on Dwingeloo 1 were acquired in Cous
ins I on the night of 1995 November 10. The total exposure 

- -· time was 25 min -after discarding one °frame which suffered 
from tracking failure and doubled images. Although a wan
ing gibbous Moon was rising, the night was photometric. 
Observations in V were made on the night of 1995 Novem
ber 13, at which time the Moon was at third quarter. A total 
exposure time of 30 minutes was acquired. This night also 
was photometric. Finally, images in Ha and the adjacent 
continuum band were acquired on the night of 1995 Novem
ber 15. The exposures were 10 min. The Moon was a waning 
crescent, and the sky was photometric. 

Besides the usual calibration images, jittered 10-min ex
posures of a " blank field" at relatively high galactic latitude 
[a(1950)=0lh42m155, 6{1950)=14°07'41"] were acquired 
after dark to facilitate flat fielding. A total of six frames were 
acquired in Cousins I over two nights (November 11 and 
14), and 3 in Von one night (November 13). 

3. REDUCTIONS 

Reductions were carried out using IRAF.2 Bias correc
tions were made using an overscan zone 32 columns wide in 
each image and a zero correction frame for the night con
structed from the combination of two sets of 11 bias frames 
acquired at the beginning and end of- the night. 

Considerable care was taken to ensure accurate flat field
ing over the entire field of the CCD. Dome flat fields could 
not be used because it was not possible to employ exposures 
long enough to quench the shutter pattern while providing 
even illumination to the screen. Instead, twilight images ac
quired at the beginning of each night (when the Moon was 
below the horizon) were employed to remove pixel-to-pixel 
variations in response. All frames of the blank field acquired 
through a given filter-were combineifio create an image suit-

2IRAF is distributed by tbe National Optical Astronomy Observatories, 
which is operated by tbe Association of Universities for Research in As
tronomy, Inc., under contract to tbe National Science Foundation. 

able for removing low frequency vanatlons in response. 
Even though there were subtle variations from frame to 
frame in the I band, possibly due to airglow, experiments 
showed that the combination of all six blank sky images over 
two nights enabled excellent flattening of program fields, 
with an accuracy better than 0.5%. After completing basic 
corrections, images in each sequence were aligned and aver
aged. 

To make surface photometry possible, and to investigate 
morphology without the encumbrance of tens of thousands 
of stars, a sophisticated IRAF script KILLALL was devel
oped to employ DAOPHOT to remove foreground stars. Essen
tially, 512X512 sections of the images (with a border 40 
pixels wide) were passed through ALLSTAR five times, and a 
final star-free image was constructed by piecing the pro
cessed sections back together. Residuals for the brighter un
saturated stars were then removed with a 5X5 median filter, 
and remaining faint stars were removed by running KIL
LALL once more with a fainter detection threshold. More 
details of the star removal process will be described in Buta 
& McCall (1997). 

4. MEASUREMENTS 

Views of the new galaxy candidate in Cousins I are 
shown in Figs. 1 through 3 (Plates 28- 30). Figure 1 shows it 
in relation to Dwingeloo 1, where it appears only 9'.2 to the 
southwest. Close-up views with and without foreground stars 
are given in Figs. 2 and 3, respectively. Following the con
vention begun in IAU Circ. 6159, we refer to the new object 
as MB 3. 

Positions for Dwingeloo 1, Dwingeloo 2, and MB 3 were 
measured from the displayed five-frame average I-band im
age using local software (see Table I). Neither MB 3 nor 
Dwingeloo 2 has a clear central nucleus, so the centers were 
based on ellipse fits to isophotes ( this will be described in 
more detail by Buta & McCall 1997). A total of 36 positional 
standard stars from the Space Telescope Science Institute 
Guide Star Catalog was used for the analysis, yielding posi
tions with a formal error of 0'.'48. Of course, actual uncer
tainties in the positions are larger since the galaxy centers are 
not that well defined. Our position for Dwingeloo 1 dif-
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fers from that given by Burton et al. (1996) by 5~5. How
ever, while our declination for Dwingeloo 2 agrees exactly 
with that given in Burton et al. (1996) , our right ascension is 
20" west of the radio center. This difference is also apparent 
in an HI map overlaying a K-band image of Dwingeloo 2 
shown in Burton et al. (1996). The offset of the gas relative 
to the stars is in the direction of Dwingeloo 1, strongly sug
gesting that the two galaxies are gravitationally connected. 

Also given in Table 1 is the Revised Hubble Type for 
each object and estimates of the orientations, axis ratios, and 
diameters of the faintest visible isophotes in /, all derived 
from the five-frame average with stars subtracted (see also 
the discussion below). Calibrations indicate that the surface 
brightness of the defining isophotes is about 25 
mag arcsec - 2. The Hubble types are uncertain because these 
technically should be based on blue light images. The tiny 
core of Dwingeloo 1 certainly merits a late Hubble type. 

Based upon the position, MB 3 has not been noticed in 
previous surveys of nearby galaxies (see Schmidt & Boller 
1992). A NED3 search did not tum up any IRAS or radio 
source within 5 '. The object is only barely visible on the 
POSS II films (in fact, without knowing that the galaxy ex
ists, one would not have confidence that there is anything 
visible). 

5. DISCUSSION 

As is evident from Figs. 2 and 3, MB 3 appears as a 
highly-flattened diffuse oval in /. The light profile is expo
nential in form, with the faintest visible isophote spanning 
1'.9 on the sky (quantitative surface photometry will be pre
sented in Buta & McCall 1997). Isophotes are mostly ori
ented east-west and relatively close to the direction of Dwin
geloo 1, which is at a position angle of 70°. There are several 
superposed stellar objects near the center which are probably 
foreground stars. It is not clear that any of these objects is a 
nucleus. The object is only barely visible in V, indicating 
that it is highly reddened. In the continuum-subtracted Ha 
image, no emission is detected, even though H II regions in 
Dwingeloo 1 are clearly visible. 

The morphology makes it unlikely that MB 3 is a reflec
tion nebula, and the lack of global Ha emission implies that 
it cannot be a galactic H II region, planetary nebula, or su
pernova remnant (see also McCall & Buta 1995). Thus, it is 
concluded that MB 3 is a galaxy which, given the absence of 
Ha clumps, must not be actively forming stars. Given the 
location and the orientation of the isophotes, MB 3 is prob
ably physically associated with Dwingeloo 1, and, thus, a 
member of the IC 342-Maffei 1 Group. 

Burton et al. (1996) recently completed an aperture syn
thesis study of Dwingeloo 1 at Westerbork. The field ob
served encompassed the position of MB 3, but the new gal
axy was not noticed. Yet, Dwingeloo 2, a dwarf of 
comparable size located 21'.5 to the northwest, was noticed. 
It is possible that MB 3 has little or no gas, which would 

3The NASA/IPAC Extragalactic Database (NED) is operated by the Jet 
Propulsion Laboratory, California Institute of Technology, under contract 
with the National Aeronautics and Space Administration. 

explain the weakness of star formation act1v1ty. However, 
the galaxy might still have gas and have not been detected if 
its heliocentric velocity were greater than 318 km s - 1, which 
is the limit of the Westerbork sensitivity range, or low 
enough that its H I signal were blended with that of the 
Milky Way (i.e., less than 23 km s- 1). Many members of the 

IC 342-Maffei 1 Group have heliocentric velocities near 
zero. It is even possible for a satellite of Dwingeloo 1 to have 
an apparent velocity near zero; even though Dwingeloo 1 is 
receding at 110 km s - 1, the rotation curve rises to 108 
km s - 1 with respect to the Sun (Burton et al. 1996). Thus, if 
MB 3 has gas, it is most likely that its signal has been con
fused with emission from the Milky Way. 

All of the observations are readily reconciled if MB 3 is a 
dwarf spheroidal galaxy in the IC 342-Maffei 1 Group. Ow
ing to the form of the light profile (namely, that it does not 
obey an r 114 law), it can't be a luminous elliptical galaxy in 

the background or even a dwarf elliptical nearby. Adopting a 
distance of 3 Mpc, the /-band "isophotal diameter" is 1.7 
kpc, which is not unusual for a dwarf spheroidal [e.g., the 
tidal diameter of the Ursa Minor dwarf is 1.9 kpc (Irwin & 

Hatzidimitriou 1995)]. If MB 3 were rich in gas, the obser
vations would force it to be a late-type galaxy which is not 
actively forming stars. Such galaxies are not common lo
cally, so this is regarded as a less likely scenario. 

6. CONCLUSIONS 

An extended source of low surface brightness has been 
discovered on deep KPNO Schmidt CCD images of the field 
of Dwingeloo 1. The morphology in /, the unusually red 
color, and the absence of global Ha emission strongly sug
gest that the source is extragalactic, but heavily obscured by 
dust in the Milky Way. It is most likely a dwarf spheroidal 
galaxy, explaining why it has not been detected in HI studies 
of Dwingeloo 1. An alternative possibility is that it is a qui
escent dwarf irregular with a heliocentric velocity less than 
23 km s - i, but such galaxies are rare. Isophotes are closely 
aligned with the direction of Dwingeloo 1, suggesting a 
physical connection. The galaxy is almost certainly a mem
ber of the IC 342-Maffei 1 group only -3 Mpc away. 
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EPSCoR Grant No. RII8996152. We also thank D. A. 
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nia Institute of Technology, under contract with the National 
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FIG. 1. The field of Dwingeloo l in Cousins/. Dwingeloo 1 is the large barred spiral to the left of the bright spiked foreground star, while the new galaxy, 
MB 3, is the small diffuse object to the right of this star. North is towards the top 3'.2 counterclockwise from the vertical and east is to the left and slightly 
down by the same amount. The wide dark bar is five arcminutes in length. Dwingeloo 2 is outside the frame 21'.5 to the northwest of Dwingeloo 1. 

M. L. McCall and R. J. Buta (see page 982) 
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Fm. 2. Close-up of MB 3 in Cousins/, but with no stars removed. The orientation is the same as in Fig. I. The wide dark bar is I arcrnin in length. 
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PLATE 30 

FIG. 3. Close-up of MB 3 in Cousins I, with foreground stars subtracted. The orientation and scale are the same as in Fig. 2. 
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